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We have fabricated skin equivalents by combining 
fibroblasts from female Fischer rats with collagen to 
form a lattice and overlaying the lattice with a suspen-
sion of epidermal cells. The epidermal cells attach and 
form a sheet which differentiates. These skin equiva-
lents were then grafted to male Fischer rats in order to 
follow the fate of the fibroblasts after implantation. 
Biopsies of the skin equivalent were taken between 9 
days and 13 months after grafting and examined histo-
logically or placed in tissue culture to permit karyotyp-
ing of the resident fibroblasts. Approximately 82% of 
the fibroblasts from the graft biopsied at 9 days were 
female, with this proportion decreasing sharply to 50% 
at 2 weeks and 60-64% at 1 month. At 1 month, this 
initial sharp drop is followed by a slow, linear decline 
which continues through the 13th month when 42% of 
the fibroblasts are female. ·We conclude that fibroblasts 
of the grafted skin equivalent become permanent resi-
dents of the skin of the host rat. 
A living skin equivalent developed in our laboratory for use 
in skin grafting is composed of a multilayered epidermal sheet 
Manuscript received August 11, 1982; accepted for publication June 
15, 1983. 
This work was supported by grants from Flow Laboratories, Inc. and 
Army Contract # DAMD 17 -C-0071. 
* A prel im inary report of this work was presented at the 21st Annual 
Meeting of t he American Society for Cell Biology (J Cell Bioi 91:58a, 
1981). 
Supported in part by Dr. Eugene Bell, Biology Department, 16-820A, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 
02139. 
overlying a collagen lattice populated with fibroblasts [1,2]. 
Within 3-5 days after grafting onto Lewis rats, the fibroblast 
density in the skin equivalent increases dramatically [3]. In 
conventional rat-skin autografts, the fibroplasia that follows 
vascularization presumably results from an influx of host fibro-
blasts from the graft bed [4,5]. To demonstrate that the fibro-
blasts of our skin-equivalent grafts are not replaced by those 
from the host, it is essential to identify cells of the graft after 
implantation. The use of fibroblasts labeled with (:J.H]thymidine 
proved unsatisfactory since few labeled nuclei could be identi-
fied 5 weeks after grafting because of dilution of the label due 
to fibroblast proliferation or replacement of the grafted fibro-
blasts by host fibroblasts [1]. 
Construction of the skin equivalent with fibroblasts geneti-
cally distinct from the host's cells provides a way to identify 
descendents of the grafted cells. Although skin grafts trans-
planted from male and female rats of t he same inbred strain 
are often rejected, grafts from females to males survive [6-8]. 
In our laboratory, we have used fibroblasts obtained from 
inbred female Fischer rats to fabricate skin equivalents and 
applied them to male Fischer rats. The presence of cells with a 
female karyotype months after grafting would clearly indicate 
that the fibroblasts of the skin equivalent become permanently 
integrated within the skin of the host rat. 
MATERIALS AND METHODS 
The grafts were prepared as described previously [3] using female 
Fischer fibroblasts to construct skin equivalents t hat were applied to 
male Fischer rats. At t ime intervals ranging from 5 days to 13 months 
after grafting, the animal was anesthetized and the entire graft was 
excised. A portion of the graft was fixed in phosphate-buffered fo rmalin 
and embedded in paraffin for examination of the histologic organization 
of the biopsied graft. The central area of the graft was trimmed free of 
underlying host tissue and cut into 1-mm" pieces that were placed in 
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t issue culture using the conditions described previously [3]. At 9 days, 
14 days, and 1 month after grafting, 2 animals were biopsied for 
karyotyping; at 7 months and 13 months after grafting, 1 animal was 
biopsied. A total of 8 animals provided grafts. 
The population of fibroblasts that grew out of t he graft was subcul-
tured to obtain at least 2 T-150 flasks of rapid ly dividing cells. The 
fibroblasts were then treated with colchicine at 2 llg/ ml for 3-4 h, 
shaken off the flasks, swollen in hypotonic medium (1 part Dulbecco's 
modified Eagle's medium to 3 parts H 20), air-dried onto glass slides, 
and stained with aceto-orcein. Twenty to 30 karyotypes were prepared 
for each biopsy to determine the proportion of fema le cells in the total 
population of fibroblasts that grew out of the grafts. 
RESULTS AND DISCUSSION 
The basic histologic organization of the Fischer skin-equiv-
alent grafts closely resembles that of the Lewis and Sprague-
Dawley grafts described previously [3] . The fibroplasia begins 
by 5 days, peaks around 9 days (Fig 1), and declines slowly 
during the subsequent months. To determine whether the 
grafted fibroblasts participate in these modulations of cell 
density, we karyotyped fibrob lasts that grew from biopsies 
taken between 9 days and 13 months after grafting. The Y 
chromosome of the laboratory rat can be readily identified as 
the small, acrocentric chromosome approximately the same size 
as the smaller metacentric, autosomal chromosomes (Fig 2a) 
(9). The X chromosome, on the other hand, is approximately 
FIG 1. Skin equivalent (SE) 9 days after grafting to a Fischer rat. 
The collagen matrix of the graft is fully vascularized and is covered by 
a multilayered, keratinized epidermis (E) . A high density of fibroblasts 
(F) populates the dermis of the skin equivalent. The graft overlies a 
bed of host granulation t issue (GT). BV, blood vessel. Bar= .25 mm . 
• a 
the same size as the 4th and 5th pairs of autosomal chromo-
somes (Fig 2b). The proportion of female fibroblasts in the 
total population of cells whose karyotypes were analyzed was 
determined for each time point and the data summarized in 
Table I. At 9 days after grafting, the vast majority (82%) of the 
cells are descendents of t he female fibroblasts used to prepare 
the skin equivalent. The proportion of female cells declines 
rapidly between 9 days and 1 month and decreases slowly 
through the 13th month. More than a year after the initial 
application of the graft, nearly half ( 42%) of the fibroblasts are 
fema le. 
The fibroplasia observed in the 9-day graft must stem pri-
marily from the proliferation of the grafted fibroblasts rather 
than an influx and growth of the host fibroblasts, since 82% of 
the fibroblasts that grow out of t he graft at that time a re 
female. The proportion of male cells in t he graft increases with 
time, presumably by the continued, slow migration of host 
fibroblasts into the graft. If the male fibroblasts found in the 
graft were merely a result of contaminating, host tissue adher-
ing to the graft, one would expect the proportion of female to 
male cells to vary randomly in each of the biopsies. To deter-
mine whether the female cells of the skin equivalent migrate 
out of the graft, we are currently analyzing fibroblasts from the 
host dermis surrounding the grafts. The percentage of female 
fibroblasts at 2 weeks seems disproportionately low (46% com-
pared with 62% at 1 month) . These skin equivalents before 
grafting were less well contracted than the ones used for the 
other time points (a diameter of 40 mm rather than 25-30 mm) ; 
their decreased density may have permitted a more rapid influx 
of host fibrob lasts into the collagen matrix. 
The presence of cells with a female karyotype in the popu-
lation of fibroblasts that have grown out of the grafts clearly 
demonstrates that cells of the original skin equivalent remain 
in significant numbers until at least 13 months after grafting. 
This long-term retention of the grafted material has not been 
confirmed in other skin substitutes such as epidermal sheets 
(10,11] or synthetic polymers seeded with autologous epidermal 
cells [12). The persistence of female fibroblasts and t he absence 
of inflammatory cells demonstrate that cells from a potential 
graft recipient or an isogeneic donor can be propagated in vit ro, 
TABLE I. Summary of data obtained by haryotyping fibroblasts that 
grew out of the skin equivalents biopsied between 9 days and 13 months 
after grafting 





13 mont hs 
Percentage of female cells out of tota l 
population 
73, 91" (average= 82%) 
37, 56 (average= 46 %) 
59, 64 (average= 62% ) 
54 
42 
"Each number represents a biopsied skin equivalent from 1 animal. 
b 
~IG 2. Male. (a) and female (b) karyotype prepared from fibroblasts that grow out of a 13-month graft . Female fibrobl asts of the original skin 
eqUivalent perstst more than a year after grafting to the male host rat. 
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a nd can be used to form a graftable skin equiva lent that 
becomes permanently integrated within the skin of the recipi -
ent individual. This skin equivalent a lso provides a useful model 
system for studying fibrob last growth and migration . 
We would like to thank Carolyn Mitchie, Loren Friedman, and 
T homas Soranno for their excellent technical ass istance. 
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Ultrastructure of the Human Dermal Microcirculation. IV. Valve-
Containing Collecting Veins at the Dermal-Subcutaneous Junction 
IRWIN M. BRAVERMAN, M.D . AND AGNES KEH -YEN, M.S., B.S. 
Departmen·t of Dermatology, Yale University School of Medicine, N ew Haven, Connecticut, U.S.A. 
Valve-containing collecting veins 70-120 I.Lm in di-
ameter were found at the interface of the dermis and 
fat. Two cusped valves with sinuses were found at most 
points where 25- to 50-I.Lm venules entered these larger 
veins as well as in the lumens of the larger veins unre-
lated to branch points. The walls of these valve-contain-
ing veins in their narrowest portions were composed of 
smooth muscle cells, collagen fibers, and homogeneous-
appearing basement membrane material. As the vessel 
became wider, elastic fibers first appeared just inside 
the most peripheral layer of smooth muscle cells, and 
gradually occupied the spaces between all the layers of 
smooth muscle cells. However the subendothelial zone 
was frequently devoid of elastic fibers. The valves were 
always pointed in the direction of the larger vessel as 
would be expected in a collecting vein. Recent experi-
ments by other workers have demonstrated that the 
capillary blood flow in human nail-fold capillaries is 
pulsatile, thereby providing physiologic reasons for the 
presence of valve-containing veins at the dermis-fat 
interface. 
In our previous studies concerned with t he ultrastructure of 
the microvessels in the deep dermis and fat [1] we had observed 
at the dermal- subcutaneous interface a few vessels t hat con-
tained valves. However the tissue specimens under study were 
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not adequate to characterize these vessels. After obtaining 
additional material, we now describe the organization and 
ultrastructure of these vessels and their valves. 
MATERIALS AND METHODS 
Five individuals provided t he t issues for these studies. Full-thickness 
abdominal wall skin, measuring 1 em X 3 em, was obtained at autopsy 
from a 7-week-old male infant who had died as a result of the Tridione 
syndrome and at surgery from a 71 -year-old man who was undergoing 
repair of an abdominal aortic aneurysm. Three-mill imeter punch biop-
sies were obtained from the uninvolved buttock skin of a 31-year-old 
psoriat ic woman, from the buttock skin of an 18-year-old diabetic 
fem ale, and from the uninvolved abdominal wall skin of a 70-year-old 
psoriatic woman. The punch biopsies included 3-4 mm of t he fat layer. 
Because ou r preliminary obse rvations indicated that the valve-conta in-
ing vessels were present at t he dermal-subcutaneous junction, we 
concentrated our attention on t his layer. The punch biopsies were 
performed and processed by t he techniques described previously [2]. 
The valve-containing vessels were identified by their size at the dermal-
subcutaneous junction under a dissecting microscope at 35-40x mag-
nification and dissected out as a small block with surrounding dermis 
and fat using microsurgical forceps and scissors. Approximately 1-cm 
lengths of vessels were obtained in this fashion. The vessels with t heir 
surrounding fat and dermis were then cut into consecutive 1-2 mm 
lengths, fixed in Karnovsky's fixative, and embedded flat in Spu rr's 
resin by the techniques described previously [2]. Each 1- to 2-mm 
portion was identified as to its posit ion in t he original intact vessel. 
The blocks containing these individual segments were serially sectioned 
horizon ta lly at 1 J.Lm so that primarily longitudinal sections of vessels 
could be prepared. After all the blocks were serially sectioned, the 
vessels from contiguous blocks were a ligned to produce a reconstruction 
of t he original intact vessels in a lateral view. This reconstruction 
showed where smaller vessels joined larger vessels to form branches 
and where the valves were located. At intervals, ul t rathin sections were 
obtained for correlation with t he 1-J.Lm light microscopic sections. ln 
addition , 3-dimensional reconstructions of t he valves were produced in 
